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REMARKS/ARGUMENTS 

Claims 1-10 and 11-27 remain in this application. Claims 1, 13, 21, and 24-26 have been 
amended. Claim 1 1 has been cancelled. 

Claim 24 stands rejected under 35 USC 112, second paragraph, as being indefinite for 
failing to particularly point out and distinctly claim the subject matter which applicant 
regards as the invention. 

The Examiner stated that the term "soliton" is being interpreted as "optical energy". However, 
the term "soliton" applies to a very special case of optical energy. The term "soliton" is well 
known in the art of optics . It's a pulse of optical energy that travels without changing its 
shape. 

Applicants' attorney is including several references including pgs. 60-61 from the book 
entitled "Fiber Optics Communications", by Joseph Pallais, along with several papers that 
explain the solitons in more detail. 

Claim 24 has been amended to state that the optical energy propagates as temporal soliton that 
has a wavelength within the photonic band gap. Accordingly, Applicants respectfully submit 
that claim 24 is not indefinite. 

Claims 1, 4, 6-8, 13, 15, 17, 18 and 25-27 are rejected under 35 USC 103(a) as being 
unpatentable over Kawanishi et al (US 6,404,966 Bl). 

Applicant's claim 1 states that the core region with a loss of less than about 300 dB/km. 
The Examiner stated that Kawanishi et all teach an optical fiber where "The photonic band gap 
structure guides the optical energy substantially within the core region with loss of about 0.01 
dB/km". This statement is different from that made in the cited reference. Col. 3, Ins. 39-42 of 
the Kawanishi state that "The optical fiber according to the present embodiment can be 
expected to have a loss characteristic of about 0.01 dB/km". 



That is, the reference never disclosed such fiber, the Kawanishi et al was simply hoping that 
the fiber would be capable of this performance. In fact it is not. Because it requires more than 
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an air filled core to achieve this performance, and because Kawanishi et all does not describe 
these factors, this statement is akin to telling those of skill in the art to look for a needle in the 
haystack. The Kawanishi reference does not disclose an enabling embodiment that allows the 
fiber have a loss characteristic of about 0.01 dB/km. 

Therefore, claim 1 is not obvious over the Kawanishi reference. 

Furthermore, claim 1 has been amended to include the subject matter of the original claim 1 1, 
which states that " the optical energy is guided in a mode having a nonlinear refractive index of 
less than about 10' 18 cm 2 /W. " 

This parameter contributes to the low loss and is not taught or disclosed by the cited reference. 
In fact, pg. 7, paragraph [0033] of the Applicants specification discloses that in typically the 
guided modes have effective nonlinear refractive indices n 2 ranging from 2xl0" 16 cm 2 /W to 
4xl0~ 16 cm 2 /W while some of the claims call for it being less than 10" 18 cm 2 /W. This is at least 
a factor of 10 different (20 times less) than that of the known fibers. 

Claims 4, 6-8 13, 15, 17 and 18 depend from claim 1 as their base claim and, therefore, 
explicitly incorporate the language of claim 1. Accordingly Applicants respectfully submit 
that claims 1, 4, 6-8 13, 15, 17 and 18 are not obvious over the Kawanishi reference. 

Claims 25-27 (and 13) state that the " optical fiber is configured to support a temporal soliton 
having a peak power of greater than about 1 MW". Such fiber is not disclosed by the 
Kawanishi reference, and the Kawanishi reference provides no incentive for having a fiber 
with this characteristics. Accordingly, claims 13 and 25-27 are not obvious over this 
reference. 

Claims 1-3, 5, 6-10, 13, 14, 16-18 and 25-27 are rejected under 35 USC 103(a) as being 
unpatentable over Libori et al (US 6,792,188 B2). 

Although Libori makes a statement that a low loss fiber is desirable, Libori does not define 
what is meant by a "low loss", nor provides an enabling embodiment that has the losses in the 
Applicant's claimed range. A mere statement that something is desirable, without a way of 
how to achieve such a result, does not constitute an enabling disclosure. The conditions for 
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achievement of loss less than 300 dB/km (or less than 50 dB/km, or less than 20 dB/km) were 
disclosed by the Applicants and were not known to one of ordinary skill in the art, although the 
was a long felt need to have a fiber with these characteristics. 

Furthermore, as stated above, Claims 25-27 call for the " optical fiber is configured to support a 
temporal soliton having a peak power of greater than about 1 MW'\ Such fiber is not disclosed 
by the Liborui reference, and the reference provides no incentive for having a fiber with this 
characteristics. 

Accordingly, claims 1-3, 5, 6-10, 13, 14, 16-18 and 25-27 are not unpatentable over Libori, et 
al. 

Claims 1, 4, 6, 7, 11, 12, 15 and 19-27 are rejected under 35 USC 103(a) as being 
unpatentable over Fajardo et al (US 6,444,133 Bl). 

The Fajardo reference does not disclose the fiber with ether a loss of a loss of less than about 
300 dB/km, less than 50 dB/km, etc, or that has a nonlinear refractive index of less than about 
10" 18 cm 2 /W, or less than 5xl0" 19 cm 2 /W. As stated above according to applicant's claims, this 
nonlinear refractive index of one to two orders of magnitude smaller than similar known fibers 
(and certainly not within general ranges disclosed by prior art fiber references), and this 
characteristic has not been disclosed in any of the cited reference. Since the cited references, 
neither singly, nor in combination do not recite optical fiber with this feature, claims 1, 4, 6, 7, 
11, 12, 15 and 19-27 (or other claim) are not obvious over Fajardo, or other cited references. 

Conclusion 

Based upon the above amendments, remarks, and papers of records, applicant believes the 
pending claims of the above-captioned application are in allowable form and patentable, over 
the prior art of record. Applicant respectfully requests that a timely Notice of Allowance be 
issued in this case. 

Applicant believes that no extension of time is necessary to make this Reply timely. Should 
applicant be in error, applicant respectfully requests that the Office grant such time extension 
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pursuant to 37 C.F.R. § 1.136(a) as necessary to make this Reply timely, and hereby authorizes 
the Office to charge any necessary fee or surcharge with respect to said time extension to the 
deposit account of the undersigned firm of attorneys, Deposit Account 03-3325. 

Please direct any questions or comments to Svetlana Z. Short at 607-974-0412. 



Respectfully submitted, 





Svetlana Z. Short 
Attorney for Assignee 
Registration Number: 34,432 
Coming Incorporated 



SP-TI-03-1 
Coming, NY 14831 
Phone: 607-974-0412 
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60 Lightwave Fundamentals 



where die slope M 0 is approximately -0.095 
ps/(nm X km), A 0 is the zero-dispersion 
wavelength, and all wavelengths are in nm 
Values of M 0 and A 0 are often given by the 
fiber manufacturer. IT* minus sign is needed 
because of the negative slope of the dispersion Solitons 
curve Some reverse the sign conventions fol- 
lowed in this section, so that their dispersion 
curves have a positive slope and the minus 
sign is missing in Eq. (3-14). 



ns, considerably smaller than that com 
puted in Examples 3-1 and 3-2 for prop- 
agation at wavelengths farther away from 
the dispersion minimum. 



Example 3-3 

Compute the material dispersion at 1.55 
Mm if the zero-dispersion wavelength is 

Solution: 

It is most straightforward to solve the 
preceding equation by using the wave- 
lengths expressed in nm. Otherwise, the 
slope coefficient M 0 would have to be 
converted into the appropriate units 
Thus 



M = 



-0.095 



f 1550 - ™*\ 
\ 1550 3 / 



4 \ 1550 3 
= -18.6ps/(nm X km) 

a result that checks nicely with the value 
obtained directly from Fig. 3-8. 

Example 3-4 

Compute the pulse spread when the light 
source emits at 1320 nm and has a 2-nra 
spectral width. The zero-dispersion 
wavelength is 1300 nm. 

Solution: 

The dispersion turns out to have a mag- 
nitude of 1.86 ps/(nm X km), so that 
Eq. (3-14) yields a spread of Mt/L) = 
2 X 1.86 = 3.72 ps/km, A. 10-km 
length of this material would produce a 
pulse spread of only 37.2 ps = 0.0372 



Pulse spreading reduces the bandwidth and 
data capacity of a fiber communications link in 
the manner described later in this section Be- 
cause of this, many techniques for minimizing 
pulse spreading have been pursued. A few that 
we already know about are (1) operating at the 
zero-dispersion wavelength and (2) choosing 
very coherent (small spectral width) light 
sources. These solutions (often applied to- 
gether) have been common since the mid- 
1980s. Improvements now take the form of 
shifting the fiber's zero-dispersion point to 
wavelengths of lower fiber attenuation and 
producing more coherent laser sources. 

Another technique that shows promise 
for reducing pulse spreading is the production 
^i£^- 3 A solitonJs_a_pjdsej hat travels 
along aTiber w ithout Thanging sh5n7—FT>»,, 
can-ThTs-^appen?- The actual pro cedure is 
tairly complicated, but some insight into soli- 
ton propagation can be easily developed 
Pulses broaden because dispersion causes 
some wavelengths emitted by the light source 
to travel faster than other wavelengths. All we 
need do is find some property of the fiber that 
counters this tendency. It turns out that such a 
property does exist. It is a fiber nonlinearity 
where the index of refraction depends upon the 
intensity of the light beam. Since the pulse ve- 
locity depends on the index of refraction, it is 
clear that the intensity of the beam can itself 
influence the speed of the various wavelengths 
propagating along the fiber. Usually this phe- 
nomenon is not observed, because it is quite 

small and requires a moderately large.amount 

of-opocal power before becoming significant. 

To form a soliton, the initial pulse must 
have a particular peak energy and pulse shape. 
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v cnecific the product of pulse energy and 
, width must be a constant. The value of 
: K instant depends on the magnitudes of the 

* J * e C °^ 0 Tand the nonlinearity. With too little 

* 12?S nonlinearity is too weak to be effec- 
ts ,nmnensating for dispersion. If the 



oower is too great, then the pulse may actually 
P tinually change widths as it travels, owing 
« imperfect (and distance-dependent) com- 
nsation In addition, the nonlinear compen- 
Son is such that solitons are produced only 
^ wavelengths longer than the zero-dispersion 
wavelength in glass fibers. That is, the nonhn- 
earity acts with dispersion to further broaden 
oulses at the shorter wavelengths and only 
compensates at the longer ones. We conclude 
thatToliton pulses can be expected in silica 
fibers only when operating in the 1300- to 
1600-nm range. 

Although solitons retain pulse widths 
during propagation, solitons do attenuate just 
like other waves. It will be imperative for long 
systems that the optical beam be amplified pe- 
riodically so that the pulse energy not fall be- 
low that required for soliton maintenance. 
Various optical amplifiers (to be described in 
Section 6-7) are candidates for the amplifica- 
tion process. 

Soliton widths of a few picoseconds are 
realizable. The corresponding data rates (the 
inverse of the soliton widths) are over 10 
Gbps. Multigigabit-per-second systems cover- 
ing many thousand kilometers with amplifier 
spacings of several tens of kilometers can be 
designed with soliton pulses. The product of 
data rate and fiber path length for such systems 
is far greater than can be achieved by more 
conventional fiber techniques. 



Information Rate 
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lations we will use the spreads generated by 
material dispersion. The equations developed 
apply regardless of the cause of the distortion. 
We will investigate the limits on both analog 
and digital links. Without long and complex 
derivations, exact results cannot be obtained. 
Reasonable limits can be developed based on 
approximate intuitive analyses. The results 
obtained will be useful in first-order design 
and will deepen understanding of the ability of 
fiber links to carry information. 

First, consider a sinusoidally modulated 
beam of light (like that shown in Fig. 3-5). 
The modulation frequency' is /and. the period 
is T = 1//. Suppose that the source radiates 
optic wavelengths between A, and A 2 . How 
much delay between the fastest and slowest 
wavelength is acceptable? Figure 3-9 shows 
the received power at A, and A 2 when the de- 
lay is equal to half the modulation period; that 



is, 



T 

Ar = - 



(3-15) 



With this amount of delay, the modula- 
tion cancels out completely when the two 
waves are added. Modulated power carried at 
wavelengths between A, and A 2 will have de- 
lays smaller than T/2 and will partially cancel, 
resulting in a small signal variation at the re- 
ceiver. If we take Eq. (3-15) as the maximum 




TOTAL POWER 



TIME 



Pulse spreading limits the information capacity Figure 3 . 9 Canceli ng of the modulation when 
of any transmission system in the manner de- two carrier wavelengths have a delay of halt the 
scribed in what follows. For numerical calcu- modulation period. At - T/2. 



m 

p: • 



Encyclopedia of Laser Physics ; Technology - solitons, solitary pulse 



Page 1 of 4 




CONSULTING GmbH 



Encyclopedia of Laser Physics and Technology 




•p grfu f tl i e~* 
Virtual 
Library 



Rudiger Paschotta 
Last update: 2006-03-28 



ABCDEF GH 
NOPQRS_T U 



I J K L M 
V W X Y Z 



Solitons 



home | previous | next | feedback 



Definition: pulses with a certain balance 
of nonlinear and dispersive effects 

In general, the temporal and spectral 
shape of a short optical pulse changes 
during propagation in a transparent 
medium due to the Kerr effect and 
dispersion. Under_c ertain circumstanc es, 
however, the-effectsjoLKerr nonlinearity 
and dispersion can exactly cancel each 
other, apart from a constant phase delay 
per unit propagation distance, so tha t 
the temporal and spectral shape of the 
puls es iiT preserved even over long 
propagation distances, (he conditions 
foFfhat to happen are: 

- For a positive value of the 
nonlinear coefficient n 2 (as is usual 
for mor* fk ~ ^ — — 
needs tc p(0= ech , (£/r) = 

- The ten cosh 
has to De mat ot an uncnirpea 



5 



(tlx) 



sech 2 pulse (assuming that the 
group delay dispersion is constant): 



2\D\ 
W 



- The pulse energy £ p and soliton 



pElse duration have to meet the 
following condition: 
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Here, the full-width-at-half-maximum 
pulse duration is about 1.76 times , y is 
the SPM coefficient (in rad per Watt and 
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nonlinear phase shift 
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peaK ot tne puise wouia experience it 
only the nonlinearity alone would act on 
it. This soliton phase shift is constant 
over time or frequency, i.e., it does not 
lead to a chirp, and it is in many 
situations not relevant. 

1.2 i 1 1 -i r 




3 



time (a. u.) 

Fig.: Solid curve: time- 
dependent nonlinear phase shift 
alone (without dispersion), 
which is proportional to the 
optical intensity. Dotted curve: 
overall phase shift, resulting 
from the combined action of 
nonlinearity and dispersion on a 
soliton. The constant phase 
shift does not modify the 
temporal or spectral shape of 
the pulse. 

The most remarkable fact is actually not 
the possibility of such a balance of 
dispersion and nonlinearity, but rather 
the fact that sol iton solutions -joLthe 

nonlinear wave equation are very stafa la; 

even for substantial deviations of the 
initial pulse from the exact soliton 
solution, the pulse automatically "finds" 
the correct soliton shape while 
shredding some of its energy into a so- 
called dispersive wave, a weak 
background which has too little intensity 
to experience significant nonlinear 
effects and temporally broadens as a 
result of dispersion. Solitons are also 
very stable against changes of the 
properties of the medium, provided that 
these changes occur over distances . 
which are long compared to the so- 
called soliton period (defined as the 
propagation distance in which the 
constant phase delay is tt/4). This 
means that solitons can adiabatically 
adapt their shape to slowly varying 
parameters of the medium. Also, 
solitons can accommodate to some 
amount of higher-order dispersion; they 
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achieve the mentioned balance under 
the given conditions. 

If the pulse energy is the square of an 
integer number times the fundamental 
soliton energy, one has a so-called 
higher-order soliton. Such pulses do not 
have a preserved shape, but their shape 
periodically varies, with the period being 
the above mentioned soliton period. 
However, higher-order solitons can 
break up into fundamental solitons under 
the influence of higher-order dispersion 
and other disturbing effects. They are by 
far not as stable as fundamental 
solitons. 

100 nJ i ; 




pulse duration 

Fig.: Relation between soliton 
pulse energy and pulse duration 
in a single-mode fiber. The solid 
curve applies to fundamental 
solitons, the dotted curves to 
higher-order solitons (orders 2, 
3, 4). 

Fundamental soliton pulses are 
technically very i m porta nt, in particular 
for long-distance optical fiber 
communications and in mode-locked 
lasers (-> soliton mode locking). In the 
latter situation, soliton-like pulses can be 
formed when the typically lumped pieces 
of dispersion and nonlinearity in the 
laser cavity are sufficiently weak per 
cavity round trip. Solitons are also 
applied in various techniques for pulse 
compression using optical fibers; an 
example is adiabatic soliton 
compression. 

Soliton propagation, possibly with 
additional disturbing effects, can be 
investigated with numerical simulations 
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{-* puise propaganon moaenngj. mere 
are also some analytical tools, e.g. 
soliton perturbation theory, where one 
derives equations for small deviations of 
pulses from the ideal soliton shape. 

Apart from the temporal solitons as 
discussed above, there are also spatial 
solitons. In that case, a nonlinearity of 
the medium (possibly of photorefractive 
type) cancels the diffraction, so that a 
beam with constant beam radius can be 
formed even in a medium which would 
be homogeneous without the influence 
of the light beam. 

References 

[1] L F. Mollenauer, R. H. Stolen, and J. 
P. Gordon, "Experimental observation 
of picosecond pulse narrowing and 
solitons in optical fibers", Phys. Rev. 
Lett. 45, 1095(1980) 

See also: Kerr effect, dispersion, soliton 
period, sech 2 -shaped pulses, higher- 
order solitons, adiabatic soliton 
compression, pulse compression, 
Gordon-Haus jitter, pulse propagation 
modeling 



Ask RP Photonics for advice on details of 
soliton pulse propagation, e.g. numerical 
modeling. 
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Definition: soliton-like pulses in lasers or fiber-optic links 

Optical pulses circulating in the cavity of a mode-locked laser can 
experience chromatic dispersion and the Kerr nonlinearity. If the 
dispersion is anomalous, this can lead to the formation of quasi- 
soliton pulses. These are not exactly solitons, since the dispersion 
and nonlinearity usually come in discrete portions, and the pulse 
energy varies during a cavity round trip. Nevertheless, the pulses 
may behave like solitons if the effects of dispersion and 
nonlinearity are not too strong during one round trip, and other 
effects are still weaker. One can then exploit the advantages of 
/ soliton mode locking, namely the generation of rather short pulses 
witfiTow chirp. 

A special kind of quasi-soliton pulses has been discovered in 
semiconductor lasers, particularly in vertical external cavity 
surface-emitting lasers (VECSELs). Here, the effect of the Kerr 
nonlinearity is usually rather weak, but light-induced changes of 
the carrier density can lead to nonlinear phase changes which are 
similar to those from the Kerr effect with negative n 2 coefficient, 
even though they do not instantly follow the variations of optical 
intensity. In that case, quasi-soliton pulses can be formed in the 
normal dispersion regime. A consequence is that the pulses can 
be close to the Fourier transform limit. 

Soliton-like pulses also occur in fiber-optic links. 

Reference: 

- R. Paschotta et al., "Soliton-like pulse shaping mechanism in 
passively mode-locked surface-emitting semiconductor 
lasers", Appl. Phys. B 75, 445 (2002) 

See also: solitons, mode locking, soliton mode locking 
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Changes to problems 3 and 4 from HW #5 and a modest simplification. 

The changes. 

(i) Agrawal and many others use T o instead of the intensity FWHM pulse width x 

dispersion lengths where T 0 is the characteristic time for a sech pulse accordii 

E = E o sech(t/T 0 ). As given in the class notes, x p = 1 .763* T 0 for a sech pulse, 
dispersion lengths are defined as: 

T 2 T* 



L D - p° and L' D - ^ 



The homework problem specifies a Gaussian pulse with x p = 100 fs so it makes 
characteristic time for a Gaussian T 0 defined by E = E 0 exp[- 1 /T 0 ]. In this cas 
x p = 1 .665* T o to find T 0 , but people often use the relation for a sech pulse anyway. r . 
isn't large, so do as you see fit. Just make clear what your choice is. 

The reason for the emphasis on sech pulses is that soliton pulses have a sech^ rofile. S- 
interesting in their own right andare of key in t eres t for high-speed communications , 

(ii) I'd like to change the information requested as well. 

(a) Plot the spectral phase at z=L in addition to the other plots. 

(b) Use a medium length of 7i/2 and k and don't worry about plotting the spectrum. Thi: 

you see what is going on, especially if you look at lengths intermediate between z 
z = 7i/2. You might want to take a second look at the notes section on solitons and 
definition of"N". 

The simplification. You can do the following instead if you like: 
TheNSE is: 

,2 , ^3 



dz 2 ax 2 6 a* 

where A(z,x) is the electric field envelope. Recall we have A z ,0 = P„U z,(t ) , 
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s \'sal-»- ( ter-e- 



oj.OJKHjuizc \-,kwiz\ vi -quized; -quizzing (1759) : to utter a soliloquy 
. talk to oneself — so-lil*o-quiz*er n 

jj>4ikHIuy \s»-Til-^-kwc\ n, pi -qutes [LL soliloquium, fr. L solus alone 
j + fogu/ to speak] (ca. 1604) 1 : the act of talking to oneself 2 : a 
\ dramatic monologue that gives the illusion of being a series of un- 
r jpoken reflections 

■ p-lip^sisn) \'s6-lap«,siz-3m, 'sal-op-\ n [L solus alpne + ipse self] (1874) 
', • i theory holding that the self can know nothing but its own modifica- 

ijcos and that the self is the only existent thing — so-lip-sLst \'s6-bp- 
' gst *sal-3p-, s»-1ip-\ n — so-lip-sis-tic K.so-lop-Wtik, .sal-opA adj — 
s jo4if«is*ti«caMy \-ti-k(a-)le\ adv 

i oW-taire \'sal-3-,ta(3)r, -,te(o)r\ n TF, fr. solitaire, adj., solitary, fr. L 

■ g&tarius] ( 1 727) 1 : a single gem (as a diamond) set alone 2 : any of 
\ nrious card games that can be played by one person 

j teH-tary \'saJ-»-.ter-e\ adj [ME, fr. L solitarius, fr. solitas aloneness, fr. 
i gjaa alone] (14c) 1 a : being, living, or going alone or without com- 

* psnions b : saddened by isolation 2 : UNFREQUENTED. DESOLATE 3 

* : aken, passed, or performed without companions <a ~ ramble) 4 
r, ! being at once single and isolated <a ~~ example) 5 a : occurring 
5 nn^y and not as part of a group or cluster (flowers terminal and ~> 
< i : not gregarious, colonial, social, or compound (~ bees) syn 
| alone — sol«i«tari.ly \,saI-s-'ter-»-le\ adv — sol-i-tari-ness 

* US\ R 

| toBtary «. p' -tar-ies (15c) 1 : one who lives or seeks to live a solitary 

' Jt j .rREGLUSE-2-;-solitary con fineTft'CrTThr prison =- — 

Batons \'sal-»-,tanz\ n pi [solitary + *-on\ (ca. 1975) : solitary waves 
(u in a gaseous plasma) that retain their shape and speed after col lid- 

ini with each other 

inMiide^ i s'al-»-' l t(y)udrn [MErfrf MFrirrtTibliiudin-, solitudo, fr. 
aha] (14c) 1 : the quality or state of being alone or remote from 

• society : SECLUSION 2 : a lonely place (as a desert) 

* ijd soutude. isolation. SECLUSION mean the state of one who is alone. 
\ BJUTUDE may imply a condition of being apart from all human beings 
s or of being cut off by wish or compulsion from one's usual associates; 
i isolation stresses detachment from others often involuntarily; seclu- 

4 son suggests a shutting away or keeping apart from others often con- 
| ooting deliberate withdrawal from the world or retirement to a quiet 

i «l+tt>di.nar.).an \ 1 sal->,t(y)ud- , n- , er-e-3n\ n [L solitudin-, solitudo + 
^ E-arifln] (1691) : RECLUSE 

i aHer<t ^al-a-VetX n [F] (1 826) : a flexible steel shoe forming part of a 
1 medieval suit of armor — see armor illustration 

5 wni>za>t)on Vsal-ma-'zS-shanX n [F solmisation. fr. solmiser to sol-fa, 
| k »/(fr. ML) 4- mi (fr. ML) + -iser -ize] (1730) : the act, practice, or 
1 Wan of using syllables to denote the tones of a musical scale 

i W° Vs6-Ol5\ n, pi solos Jit, fr. solo alone, fr. L solus] (1695) 1 or pi 
% *D Vs6-Qle\ a : a musical composition for a single voice or instru- 
| ant with or without accompaniment b : the featured part of a con- 
i «rto or similar work 2 : a performance in which the performer has 
1 ILf 0110 ^ or associate 3 : any of several card games in which a 
\ e * ects to P* a ¥ ^thout 8 partner against the other players 
J 9*W 17 12) • without a companion : ALONE (fly ~> 
I ?7. 0 <y (1776) : of, relating to, or being a solo (a ~ performance) 

* so-loed; so-lo-ing \-Ql6-irj, -ls-wirj\ (1886) : to perform by one- 
I 2*2P • to fly an airplane without one's instructor 

1 faT? \ so-la-wast, -Ql6-ost\ n (1 864) : one who performs a solo 

1 toJ mon Vsal->m3n\ n [LL, fr. Heb Sheldmdh] : a son of David and 

: i i£^ Dtury B c king °f Israel proverbial for his wisdom 

J Vsal-a-'man-ikX adj (1857) : marked by notable wisdom, 

I sS? 18 ? ' ene ss» or discretion esp. under trying circumstances 

* |*a?ii s seal also SolK>-mon.seal Vsal-s-man-'seXa)!. 'sal-s-msn-A n 
1 bSh, * : of a genus (Polygonatum) of perennial herbs of the lily 
3 Ef • Snarled rhizomes 2 : an emblem consisting of two inter- 
5 Sf. lnan 8 ,c s forming a 6-pointed star and formerly used as an amulet 

1 tL fever 

I hZy 6 -^' -.l*an\ " [Solon] (1625) 1 : a wise and skillful lawgiver 

salt marsh] (1936) : any of a group 
*e soils found esp. in poorly drained 

y sol*o*nets \^al->'nets\ n [Russ solonets salt not extracted 




Vw!? Ve d by leaching and alkalizing from solonchak — sol-o*netz*ic 

"^hrtweU^' iMe ^ ^°"^ n un ^ nown l (ca- 1 850) — used to ex- 
(15c) 1: 



read at ^ 
, e on a u»» 

?31) : 

li^miaridareas 

f?SS 1 ifefto sol-o.net. _ _ fc . . , _ _ „ . _ . „ 

comm^ J SSjSSU 1 ? 36 ?' : ^ 9 f a .« r .? u P °. f intrazonal dark hard alkaline 

with 

ton- «.J5 



2**^o 2 i. Provided that 
Sf^vsal-stas, 'sCl- 



during and up to the end of the time that 

. 'sol «\ n [ME, fr. OF, fr. L solstitium, fr. sol sun 
3 fc sUad pp * of smere to come to a stop, cause to stand; akin to L start 
I *2?" morc at s 0 ^ 11 - stand] (1 3c) 1 : one of the two points on 
^wbSf at wnicn i te distance from the celestial equator is greatest 
v. t^ 0 is reach^H Kw tK^ um mp)i v««r aKrtnt June 2 2d and Decern' 

which occurs about 



j ?22d^ u re ached by the sun each year about Ju 
\ ^ 22d , : J^.*iroe of the sun's passing a solstice 
!*l**235? ^^' n summer in the northern hemisphere and about De- 
■ T*4fal v 4P ^S" 1 winter in the northern hemisphere 
^oQjW-'stisb-al, sol-, solA adj [L solstitialis, fr. soliririum] (1559) 
h_. ciat,r„, .- -v — - - solstice and esp. the summer 

associated with a solstice 
the quality or state of being 
53 U -Mtoi„i ■ »»»v a-iiiuuu l ui <a iuubuujix that will dissolve in a given 
{ , IjK^er substance 

♦ tLiSat** lS*b^ Xlal "y»-ba-4Iz\ vi -lized; -liz-ing (ca. 1926) : to make solu- 
n^Jj] [ r . itf the solubility of — sol-n-bi-U-za-tioo \ f sal-yo-b3-l3- , za- 




i^^a^^-PJ^ 11 " 1 <~ questions) 
|2?SS n V 8f 5): water CLASS 4 
■ ^ " (ca. i960 : transfer rna 



soliloquize • somatostatin 1123 

so-lum \'s6-l3m\ n. of so4a or soloms [NU fr. L, ground, soil] 
(1935) : the altered layer of soil above the parent material that includes 
the A- and B-horizons 

so-lus \'s5-bs\ adv or adj [L] (1599) : alone — often used in stage di- 
rections 

sol'Ute \'sal- t yut\ n [Lsohitus, pp.] (1 902) : a dissolved substance 
so-lu-tion \sd-lu-sh3n\ n [ME, fr. MF, fr. L solution-, solutio, fr. solutus, 
pp. of solvere to loosen, solve] (14c) 1 a : an action or process of 
solving a problem b : an answer to a problem : explanation: specif 
: a set of values of the variables that satisfies an equation 2 a : an 
act or the process by which a solid, liquid, or gaseous substance is 
homogeneously mixed with a liquid or sometimes a gas or solid b : a 
homogeneous mixture formed by this process; esp : a single-phase 
liquid system e : the condition of being dissolved 3 : a bringing or 
coming to an end or into a state of discontinuity 

solution set n (1959) : the set of values that satisfy an equation; also 

: TRUTH SET 

So*lu*tre>an \sa-nu-tre-3n\ adj [Solutre. village in France] (1888) : of or 
relating to an upper Paleolithic culture characterized by leaf-shaped 
finely flaked stone implements 

solvable \*sa]-v3-bal, *sdl-\ adj (1676) : susceptible pf solution or of 
being solved, resolved, or explained — solv-abiM'ty \^al-v3-*bil-3l-e, 
,s61-\ n 

•sol-Vflte \'sal-,vSt, 'sol-\ n [so/vent + -are] (1904) : an aggregate that 
consists of a solute ion or molecule with one or more solvent molecules; 
also : a substance (as a hydrate) containing such ions 

^solvate vr sol-vat*ed; sol-rat-ing (1917) : to make part of a solvate — 
sol*va*tion \sal-*vfi-shan, sol*\ n 

So!»vay process \'sal-,vS-\ n [Ernest Solvay f!922 Belg. chemist] (1888) 
: a process for making soda from common salt bypassing carbon diox- 
ide into ammoniaca) brine resulting in precipitation of sodium bicar- 
bonate which is then calcined to carbonate 

solve \'salv, 's6Iv\ vb solved; solv-ing [ME sotven to loosen, fr. L solvere 
to loosen, solve, dissolve, fr. seo*-, se- apart + lucre to release — more 
at SECEDE lose] vr (1533) 1 : to find a solution for <r~ a problem) 2 
: to pay (as a debt) in full vi : to solve something (substitute the 
known values of the constants and ~ for x> — solv-er n 

sol»ven*cy Vsal-van-se, *sol-\ n (ca. 1 727) : the quality or state of being 
solvent 

! sol«vent \-v3nt\ adj [L solvent-, solvens, prp. of solvere to dissolve, pay] 
(1630) 1 : able to pay all legal debts 2 : that dissolves or can dis- 
solve (~~ fluids) <r* action of water) — sol-venMy adv 

'solvent n (1671) 1:8 usu. liquid substance capable of dissolving or 
dispersing one or more other substances 2 : something that provides 
a solution 3 : something that eliminates or attenuates something esp. 
unwanted — sol-vent-less \-las\ adj 

sol.vol-y-sis \sal-Val-a-s3s, sol A n [NL, fr. E so/vent -j- -o- 4- -lysis] (ca. 
1 924) : a chemical reaction (as hydrolysis) of a solvent and solute that 
results in the formation of new compounds — sol»vo-lyt»ic X.sal-vs-lit- 
ik, ,sdl-\ adj 

•sewna Ys6-mp\ n [Skt; akin to Av haoma, a Zoroastrian ritual drink, 
Gk hyein to rain — more at suck] (1827) 1 : an East Indian leafless 
vine (Sarcostemma acidum) of the milkweed family with a milky acid 
juice 2 : an intoxicating plant juice of ancient India used as an offer- 
ing to the gods and as a arink of immortality by worshipers in Vedic 
ritual and worshiped as a Vedic god 

2 soma n. pi so*ma«ta \*s6-mat-a\ or somas [NL somor-, soma, fr. Gk 
sdmau, soma body] (ca. 1885) 1 : the body of an organism 2 : all of 
an organism except the germ cells 3 : CELL body 

So-maHi \s6-'mal-e, sa-\ n. pi Somali or Somalis (1850) 1 : a member 
of a people of Somaliland apparently of mixed Mediterranean and 
Negroid stock 2 : the Cushitic language of the Somali people 

so many adj (1533) 1 : constituting an unspecified number (read so 
many chapters each night) 2 : constituting a group or pack (behaved 
like so many animals) 

somat- or somato- comb form [NL, fr. Gk sdmat-. sdmato-, fr. somor-. 
sdma body; akin to L tumSre to swell — more at thumb] : body 
(somatology) 

so-mat-ic \s6-'mat-ik, s>\ adj [Gk sdmatikos. fr. sdmat-, soma] (ca. 1775) 
1 : of, relating to, or affecting the body esp. as distinguished from the 
germ plasm or the psyche 2 : of or relating to the wall of the body 
: parietal — so-mat-i-cal-ly V-i-k(p-)le\ adv 

somatic cell n (1888) : one of the cells of the body that compose the 
tissues, organs, and parts of that individual other than the germ cells 

so»ma«tol*o*gy \,so-m9-*tal-o-j£\ n [NL somatologia, fr. somat- + -logia 
-logy] (ca. 1 878) : a branch of anthropology primarily concerned with 
the comparative study of human evolution, variation, and classification 
esp. through measurement and observation — so-ma*to*log-i<aJ \»so- 
m3t-l- r aj-i-kal, s6-»mat-\ adj 

so-mato-me«din \so- i raat-o- , mad- , n\ n [somat- + -medin (perh. as in 
intermedin)] (1972) : any of several endogenous peptides produced esp. 
in the liver and dependent on and mediating growth hormone activity 
(as in sulfate uptake by epiphyseal cartilage) 

so-mato-pleure \sd- , mat-3- l p]u(3)r\ n [NL somatopleural, fr. somat- + 
Gk pleura side] (1874) : a complex layer in the embryo of a craniate 
vertebrate consisting of the outer of the two layers into which the lat- 
eral plate of the mesoderm splits together with the ectoderm that 
sheathes it externally and giving rise to the body wall 

so-mato-sen-so-ry NsoXmat-^-'sendH-WreX adj (1960) : of, relating to, 
or being sensory activity having its origin elsewhere than in the special 
sense organs (as eyes and ears) and conveying information about the 
state of the body proper and its immediate environment 

so*roato<stnt'in \s$-,mat-3- , stat- , n\ n [somat- + -stat + -in] (ca. 1973) 
: a polypeptide neurohormone that is found esp. in the hypothalamus 
and inhibits the secretion of several other hormones (as growth hor- 
mone, insulin, and gastrin) 
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